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Electrically conductive organic polymers emerged in the 1970's as a new class of 
electronic materials. These materials have the potential of combining the electronic and 
magnetic properties of metals with the light weight, processing advantages, and physical 
and mechanical properties characteristic of conventional organic polymers. Examples 
of electrically conducting polymers are polyparaphenylcne vinylenes, 
polyparaphenylenes, polyanilines, polythiophenes, polyazines, polyfurancs, 
polythianaphthenes polypyrroles, polyselcnophencs, poly-p-phenylene sulfides, 
potyacetylenes formed from soluble precursors, combinations thereof and blends thereof 
with other polymers and copolymers of the monomers thereof. 

These polymers are conjugated systems which arc made electrically conducting by 
doping. The doping reaction can involve an oxidation, a reduction, a protonation, an 
alkylation, etc. The non-doped or non-conducting form of the polymer is referred to 
herein as the precursor to the electrically conducting polymer. The doped or conducting 
form of the polyrw^S- referre^to herein as the conducting polymer. 

Conducting polymers have potential for a large number of applications in such areas 
such as clectrostatic-chargc/dischargc (ESC/ESD) protection, cicctrqniagnctic 
interference (EMI) shielding, resists, electroplating; corrosion, protection, of .metals," and 
ultimately metal replacements, i.e. wiring,- plastic microcircuils, conducting .pastes-: for " 
various interconnection technologies (solder alternative), etc. : Many of'thc above 

' applications especially those requiring-higii current capacity have not yet been realized 
because the conductivity ofthe proccssiblc conducting polymers, is riot yet adcquatcTor 

■ such applications. 
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To date, polyacetylene exhibits the highest conductivity of all the conducting polymers. 
The reason for this is that polyacetylene can be synthesized in a highly crystalline form 
(crystallinity as high as 90% has been achieved) (as reported in Macromoleculcs, 25, 
4106, 1992). This highly crystalline polyacetylene has a conductivity on the order of 
10 s S/cm. Although this conductivity is comparable to that of copper, polyacetylene is 
not technologically applicable because it is a non-soluble, non-processible, and 
environmentally unstable polymer. 

The polyaniline class of conducting polymers has been shown to be probably the most 
suited of such materials for commercial applications. Great strides have been made in 
making the material quite processablc. Il is environmentally stable and allows chemical 
flexibility which in turn allows tailoring of its properties. Polyaniline coatings have been 
developed and commercialized for numerous applications. Devices and batteries have 
also been constructed with this material. However, the conductivity of this class of 
polymers is generally on the low end of the metallic regime. The .conductivity is on thc-^ 
order of 10° S/cm. Some of the other soluble conducting polymers such as the 
polythiophencs, poly-para-phenylencvinylenes exhibit conductivity on the order of 10 2 
S/cm, It is therefore desirable to increase the conductivity of the "soluble/proccssiblc 
conducting polymers, in .particular the polyaniline materials. 

Thexonductivity (a) is .dependent on thc-numbcr of carriers (n) set by the doping level, 
the charge on the. carriers (q) and on (fie- interchain and intrachain mobility (//) of the* 



carriers. 



a = n q // 
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Generally, n (the number of carriers) in these systems is maximized and thus, the 
conductivity is dependent on the mobility of the carriers. To achieve higher 
conductivity, the mobility in these systems needs to be increased. The mobility, in turn, 
depends on the morphology of the polymer. The intrachain mobility depends on the 
degree of conjugation along the chain, presence of defects, and on the chain 
conformation. The interchain mobility depends on the interchain interactions, the 
interchain distance, the degree of crystallinity, etc. Increasing the crystallinity results in 
increased conductivity as examplified by polyacetylene. To date, it has proven quite 
difficult to attain polyaniline in a highly crystalline stale. Some crystallinity has been 
achieved by stretch orientation or mechanical deformation (A.G. MacDiarmid ct al in 
Synth. Met. 55-57, 753). In these stretch-oriented systems, conductivity enhancements 
have been observed. The conductivity enhancement was generally that measured 
parallel to the stretch direction. Therefore, the conductivity in these systems is 
anisotropic. It is desirable to achieve a method of controlling and tuning the 
morphology of polyaniline. It is desirable to achieve a method ofxon'troTHng and^lunifig 
the degree of crystallinity and the degree of amorphous regions in polyaniline," whiclv in 
turn provides a method of tuning the physical, mechanical, and electrical properties of 
polyaniline. It is further desirable to achieve highly crystalline and crystalline 
polyaniline and to achieve this in a simple and useful manner in order to increase the 
mobility of the- carriers and, therefore, flic conductivity of the "polymer. It is also further 
-desirable to achieve isotropic conductivity/that is conductivity not dependent on 
direction as with stretch-oriented polyanilincs. 



- Objects, 
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It is an object of the present invention to provide a polycrystalline material containing 
crystallites of an electrically conducting polymer precursor and/or electrically conducting 
polymer having an adjustable morphology. 

It is an object of the present invention to provide a potycrystalline material of an 
electrically conductive polymer precursor and/or electrically conducting polymer in 
which the degree of amorphous and crystalline regions is adjustable. 

It is an object of the present invention to provide a polycrystalline material of an 
electrically conducting polymer precursor and/or electrically conducting polymer having 
adjustable physical, mechanical, and electrical properties. 

It is an object of the present invention to provide a crystalline electrically conducting 
polymer precursor and crystalline conducting polymers. 

It is an .object of the present invention to provide a highly crystalline electrically 
conducting polymer precursor and highly crystalline conducting polymers. 

It is. an object of the present invention to provide a polycrystairmc material of an 
-electrically conducting polymer precursor and/or crystallme conducting polymers to 
provide a. highly crystalline material. } . . 

It is another object of the present invention ,to provide an electrically conducting 
polycrystalline material that exhibits enhanced. carrier mobility. -. " ; - - . 
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It is another object of the present invention to provide an electrically conducting 
polycrystalline material which exhibits enhanced conductivity. 

It is another object of the present invention to provide an electrically conducting 
polycrystalline material which exhibits enhanced isotropic conductivity. 

It is another object of the present invention to provide a plasticization effect in a 
polycrystalline electrically conducting polymer precursors and/or electrically conducting 
polymers. 

It is another object of the present invention. to provide a polycrystalline material having 
an antiplasticization effect in electrically conducting polymer precursors and electrically 
conducting polymers. 

It is another object of the present invention to provide a polycrystalline material of a 
precursor or electrically conducting polymer containing an additive providing mobility. 

It is another object of the present invention to provide a polycrystatlinc material of a 
precursor or electrically conductive polymcr.containing an additive to induce an ; 
enhanced degree of crystallinity." _ - 

It is* another object of thc r present invention to provide a non-slrchch oriented - : „ - 
.poIycrystallineTiim of a precursor or of an electrically conductive polymer which has an 
'enhanced degree of crystallinity. - : 
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It is an object of the present invention to provide a polycrystalline material of an 
electrically conducting polymer precursor and/or electrically conducting polymer having 
an increased glass transition temperature. 

j 

It is an object of the present invention to provide an electrically conducting polymer 
precursor and electrically conducting polymer having an decreased glass transition 
temperature. 

It is an object of the present invention to provide a polycrystaHln-c material of an 
electrically conducting polymer precursor and electrically conducting polymer having 
enhanced mechanical properties. 

It is an object of the present invention to provide a polycrystalline material of an 
electrically conducting polymer precursor and electrically conducting polymer having 
decreased mechanical properties. . ■■- " - ' . . 

, SUM MARY, OF THE INVENTION 

A broad aspect of the present invention is a polycrystalline material comprising 
crystaJlitcs of a precursor to- a n dcctricnlly conductive polymer and/or an electrically 
conductive polymer. The intcrsticial regions between the crystallites contarn amorphous 
material. .. . - - 

In a more particular, aspect of the present invention, the amorphous regions of the 
material contain the additive. 
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Further objects, features, and advantages of the present invention will become apparent 
from a consideration of the following detailed description of the invention when read in 
conjunction with the drawings FIG's. in which: 

Fig. 1 is a general formula for polyaniline in the non-doped or precursor form. 

Fig. 2 is a general formula for a doped conducting polyaniline. 

Fig. 3 is a general formula for the polyscmiquinone radical cation form of doped 
conducting polyaniline. 

Fig. 4 is.aGel Permeation Chromatograph (GPC) of polyaniline base in NMP (;1 %): 
GPC shows a trimodal distribution- A very high molecular weight fraction (approx. 
12%) and a major peak having lower molecular weight. 

Curve 5(a) is a Wide Angle X-Ray Scattering : (\VAXS) spectrum for- irpblyanvli.nc base 
film processed from NMP. The 'polymer film Is/csscnlially amorphous. Curve 5(b) is a 
Wide Angle X-Ray Scattering spectrum for a' polyaniline base film that "has been 
stretch-oriented '(l/lb = 3.7). This film was derived fremi s\ gel. - Curve 5(c) is a Wide 
Angle X-Ray Scattering spectru m for a. polyaniline base film containing 1(>% of 
poly-co-dimethyl propylamine siloxanc. This film -is highly crystalline. - 
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Fig. 6 is a Schematic diagram of a polycrystalline material as taught in present invention 
having crystalline regions (outlined in clotted rectangles) with intersticial amorphous 
regions 

Fig.7 is a Dynamic Mechanical Thermal Analysis (DMTA) plot for polyaniline base 
film cast from NMP. (First Thermal Scan; under Nitrogen). 

Fig. 8 is a DMTA plot which represents the second thermal scan for a polyaniline base 
film cast from NMP; This same film was previously scanned as shown in Fig.7. Film 
Contains no residual solvent. 

Fig. 9 is a DMTA plot for polyaniline base film cast from NMP and containing 5% 
poly-co-dimethyl aminopropyl siloxanc (5% N content). First Thermal Scan. 

Fig. 10 is a DMTA plot for polyaniline base film cast from NMP and containing 5% - 
poly-co-dimethyl aminopropyl siloxanc (5% N content). Second Thermal Scan (this 
same film was previously scanned as shown in Fig. 9) Film Contains no residual solvent. 

Fig. 1 1 is a GPC for a. polyaniline base solution in NMP containing 5% . . .. 
poly-co-dimcthy] aminopropyl siloxanc by weight to 'polyaniiinc. - The pojyanilinc was 
-.1% in- NMP: - \ - - ; 

. ; DETAILED DESCRIPTION > , ; " 

The present invention is directed toward electrically conducting polymer precursors and 
conducting polymers having adjustable morphology and in turn adjustable physical, 
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mechanical, and electrical properties. The present invention is also directed toward 
controlling and enhancing the 3-dimcnsionaI order or crystallinity of conducting polymer 
precursors and of conducting polymers. In addition, the present invention is directed 
towards enhancing the electrical conductivity of conducting polymers. This is done by 
forming an admixture of an electrically conducting polymer precursor or an electrically 
conducting polymer with an additive whereby the additive provides local mobility to the 
molecules so as to allow the conducting polymer precursor or conducting polymer chains 
to associate with one another and achieve a highly crystalline state. An example of such 
an additive is a plasticizer. A plasticizer is a substance which when added to a polymer, 
solvates the polymer and increases its flexibility, deformability, generally decreases the 
glass transition temperature Tg, and generally reduces the tensile modulus. In certain 
cases, the addition of a plasticizer may induce antiplasticization, that is an increase in 
the modulus or stiffness of the polymer, an increase in Tg. Herein the additives can 
provide a plasticization effect, an antiplasticization effect or both effects. 

Examples of polymers which can be used to" practice the present invention are of 
substituted and unsubstitutcd homopolymcrs and copolymers of aniline,. thiophene, 
pyrrole, p-phcnylenc sulfide, azincs, sclcnophcncs, furans, thianaphthencs, phcnylcnc . 
vinylenc, etc. and the substituted and unsubstitutcd polymers, polyparaphcnylcncs, 
polyparaphenylcvcvinylenes, pojyanilines, polyaziiics, polylhiophcncs, po.Iy-p-phcnylcne 
sulfides, polyfiirancs, polypyi roIcs A polythianaphlhcrics, polysdcnophcncs, ■ 
polyacctylcncs formed from soluble precursors and combinations theicof and 
.copolymers of monomers thereof. The general formula- for these polymers can be found 
in U.S. Patent 5,1 98^ 1 53 to Angclopoulos el al. While the present invention will be- 
described with reference to a preferred embodiment, it is not limited thereto, it will be 
readily apparent to a person of skill in the art how to extend the teaching herein to other 
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embodiments. One type of polymer which is useful to practice the present invention is 
a substituted or unsubstituted polyanilinc or copolymers of polyaniline having general 
formula shown in Fig. 1 wherein each R can be H or any organic or inorganic radical; 
each R can be the same or different; wherein each R 1 can be H or any organic or 
inorganic radical, each R 1 can be the same or different; x > 1; preferable x > 2 and y 
has a value from 0 to 1. Examples of organic radicals arc alkyl or aryl radicals. 
Examples of inorganic radicals are Si and Ge. This list is exemplary only and not 
limiting. The most preferred embodiment is emeraldine base form of the polyaniline 
wherein y has a value of approximately 0.5. The base form is the non-doped form of the 
polymer. The non-doped form of polyaniline and the non-doped form of the other 
conducting polymers is herein referred to as the electrically conducting polymer 
precursor. 

In Fig. 2, polyanilinc is shown doped with a dopant. In this form, the polymer is in the 
conducting form. If the polyaniline base is exposed to cationic species QA, the nitrogen 
atoms of the inline (electron rich) part of the polymer becomes substituted with the Q + 
cation, to form an emeraldine salt as shown in Fig. 2. Q+ can.be selected from H + and 
organic or inorganic cations, for example, an alkyl group or a metal. : 

QA can be a protic acid where Q is "hydrogen. When a-piotic acid,. HA, is used- to dope 
the polyanilinc, the nitrogen atoms of the iminc part of the polyanilinc are prolonalcd. 
The emeraldine base form is greatly stabilized by resonance effects. The charges 
distribute-through. the nitrogen atoms grid aromatic rings marking the iminc and amine 
nitrogens indistinguishable. The actual structure of the doped form is a dclocalizcd 
polysemiquinone radical cation as shown in Fig. 3.~ . ' 
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The em'eraldine base form of polyaniline is soluble in various organic solvents and in 
various aqueous acid solutions. Examples or organic solvents arc dimethylsulfoxide 
(DMSO), dimethylformamide (DMF) and N-methylpyrrolidinone (NMP), dimethylenc 
propylene urea, tetramethyl urea, etc. This list is exemplary only and not limiting. 
Examples of aqueous acid solutions is 80% acetic acid and 60-88% formic acid. This 
list is exemplary only and not limiting. 

Polyaniline base is generally processed by dissolving the polymer in NMP. These 
solutions exhibit a bimodal or trimodal distribution in Gel Permeation Chromatography 
(GPC) as a result of aggregation induced by internal hydrogen bonding between chains 
as previously described in U.S. patent application serial no. 08/370,128, filed on January 
9, 1995, thc-teaching of which is incorporated herein by reference. The GPC curve for 
typical polyaniline base in NMP is shown in Figure 4. 

Polymers in general can be amorphous/crystalline, or partly crystalline. In the latter 
case, the polymer consists of crystalline phases and amorphous phases. The morphology 
of a polymer is very important in. determining the polymer's physical, mechanical, and 
electronic properties. 

Polyaniline base films processed from NMP cither' by spm-coatmg -or by solution casting 
techniques arc amorphous as can be seen- in Figure 5a. which depicts the. Wide Angle 
X-Ray Scattering (WAXS) spectrum for.lh'is material; -Amorphous diffusc^scattcring is 
observed. Some crystallinity is induced in these films by post -processing mechanical 
deformation especially if these films arc derived from gels as.dcscnbed.by A.G. 
MacDiarmid et al in Synth. Met. 55-57, 753 (1993), WAXS df a stretch oriented film 
having been stretched (l/lo = 3.7X) derived from a gel is shown in Figure 5b. Some 
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crystallinity has been induced as compared to the non-stretch oriented films as 
evidenced by the defined scattering peaks. 

Doping the amorphous polyaniline base films (those having structure shown in Figure 
5a) with aqueous hydrochloric acid results in isotropic conductivity of 1 S/cm. Such 
films are not crystalline. Similar doping of stretch oriented films results in anisotropic 
conductivity where conductivity on the order of 10 2 S/cm is measured parallel to the 
stretch direction whereas conductivity on the order of 10° S/cm is measured 
perpendicular to the stretch direction. It should also be noted that some level of 
co'stallinity is lost during the doping process in these films. 

According to the present invention, the interchain (polymer chain) registration is 
increased as compared to a stretch oriented film. 

Figures 7 and 8 show -the dynamic mechanical thermal analysis (DMTA) spectrum fon 
a polyaniline base film processed from NMP alone. Figure 7 is the first scan where a 
Tg.of approx.. I 18 is observed as a result of the residual NMP. which is present in the 
film. Figure 8 is the second thermal scan of the same film. This film has no residual 
solvent and a Tg of ~251 °C is measured for the polyaniline base polymer. . 

When "an additive such as a plastidzer. such as a poiy-co-di'mclhyl propylamine siloxanc, 
is added to the polyaniline base completely different properties and morphology is ,/ 
observed. The siloxanc has a- polar aminc group which facilitatcs thc'miscibility of the 
polyaniline base and the.plasticizer. The DMTA of a polyaniline base film cast from; 
NMP and containing 5% by weight to polyaniline of the-poly-co-dimethyl propyl amine 
siloxanc exhibits a lower Tg on the first thermal scan as compared -to polyaniline base 
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processed from NMP alone (Figure 9) as a result of plasticization induced by the 
siloxane. However, on the second thermal scan of this film (Figure 10), the polymer 
exhibits an increase in Tg as compared to polyaniline processed from NMP. When the 
polysiloxane is added to a solution of polyaniline base, the siloxane due to the polar 
amine group can interact with the polymer chains and disrupt some of the polyaniline 
interactions with itself or some of the aggregation. Thus, the polysiloxane first induces 
some deaggregation. However, the polysiloxane has multiple amine sites and thus, it can 
itself hydrogen bond with multiple polyaniline base chains and thus, the polysiloxane 
facilitates the formation of a cross-linked network. This cross-linked network accounts 
for the increased Tg observed in the DMTA. Tg is characteristic of the amorphous 
regions of a polymer and in this case the amorphous regions consist of a cross-linked 
polyanilinc/polysiloxane network. Thus, the polysiloxane is inducing an 
antiplasticization effect in polyaniline base as the Tg is increased. Generally, plasticizcrs 
reduce Tg. GPC data (Figure I I) is consistent with this model. The addition of the 
poly-amino containing siloxane to a polyaniline base solution in NMP results in a 
significant increase in the high molecular weight fractions depicting the cross-linked 
network which forms between polyaniline and the plasticizer. 

In addition to the cross-Iinkcci network the siloxane induces in the amorphous "regions, 
con.cdmiUanlly.it also is found to induce significant levels of crystallinity in polya'nlli-ne 
base as a result of the local mobility Hint it provides. Figure "5c shows the WAXS for .a 
polyaniline base film processed from NMP containing 10% of the poly amino 
containing srloxane. As" can be seen highly crystalline polyaniline has been attained. 
Much higher levels of crystallinity as compared to figure 5b for the stretch oriented 
films.. . / 
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Thus polyaniline by the addition of the siloxanc forms a structure depicted in Figure 6 
where crystalline regions of highly associated polyaniline chains (outlined by a rectangle) 
are formed with intersticial amorphous regions. In most cases, the additive resides in the 
amorphous intersticial sites. The degree of crystallinity (number of crystalline sites) and 
the size of the crystalline domains as well as the degree of amorphous regions and the 
nature of the amorphous region (aggregated, i.e. cross-linked or not) can be tuned by the 
type and amount of additive. In turn, by controlling the above, the properties of the 
material can also be controlled. 

With the poly -co-dimethyl aminopropyl siloxane (5% N content), loadings ranging from 
.001 to 20 % by weight gives highly crystalline polyaniline. The highly crystalline 
polyaniline in turn exhibits increased modulus, stiffness, yield and tensile strengths, 
hardness, density and softening points. Thus, the siloxanc at these loadings is having 
an antipiasticization effect. Above 20% loading, the crystallinity. begins to. decrease. 
As the crystallinity decreases,, the modulus, stiffness, yield and tcrrsilc -strengths*-,." 
hardness, density and softening points begin to decrease. Thus" the siloxane at these 
loadings begins to have a plasticization effect. The siloxane content becomes high., 
enough that it disrupts the polyaniline base interactions in the crystalline regions. With 
the poly co'dimethyl aminopropyf siloxancs having ,5 and 13% N ratios, similar trends 
arc observed but-thc particular amount of siloxanc needed to have a plasticization effect 

- or an antipiasticization effect varies. Tluis, the degree of crystallinity and the degree of 
amorphous regions and in turn the properties of polyaniline can be tuned by the nature 

. of the additive as well as the amount of additive. Indeed" using the same additive but 
simply changing the loading dramatically changes the morphology and in turn the 
properties of polyaniline. 
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The electronic properties of the polymer are also impacted. The conductivity of a 
polyaniline base film cast from NMP and containing. 1 % by weight poly-co-dimethyl 
aminopropyl siloxane which is doped by aqueous hydrochloric acid is 50 S/cm as 
compared to 1 S/cm for a polyaniline film with no plasticizer. This is isotropic 
conductivity. The doped film containing the polysiloxane retains the highly crystalline 
structure. 

The degree of crystallinity and the degree of amorphous regions and in turn the physical, 
mechanical, and electronic properties can be tuned by the particular additive used and 
by the amount of additive. For example, the Tg of polyaniline can be increased or 
decreased by the amount and type of additive. The mechanical properties such as 
tensile properties, modulus, impact resistance, etc. can be tuned as described above. The 
additive can range from .001 to 90% by weight, more preferably from .001 to 50% and 
most preferably from .001 to 25%. A list of plaslicizcrs that can be used ^practice the 
-preserft- invenifon is given in Table 1. The plasticizer can be small molecules, oligomcric 
or polymeric in na-turc as can be seen in Tabic 1. They can be monofuntional, 
Afunctional, and multifunctional. The additive can also be removed from the final film 
structure if so desired by appropriate extraction.. 

Specific Examples " • .. . . 

PojyairiHne Synthesis Polyaniline is synthesized by the oxidative polymerization of 
aniline using ammonium peroxydisulfafc in aqueous "hydrochloric acid. . The polyaniline 
hydrochloride precipitates from solution. The polymer is then .neutralized using 
aquoeous ammonium hydroxide. The neutralized or non-dope polyanilinc.Kasys thcn 
filtered, washed and dried. Polyaniline can also be made by electrochemical oxidative 
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polymerization as taught by W. Huang, B. Humphrey, and A.G. MacDiarmid, J. 
Chem. Soc, Faraday Trans. I, 82, 2385, 1986. 

Polyaniline Base in NMP: The polyaniline base powder is readily dissolved in NMP up 
to 5% solids. Thin films (on the order of a micron) can be formed by spin-coating. 
Thick films are made by solution casting and drying (70 ° C in vacuum oven under a 
nitrogen purge for 15 hours). These solutions and films have the properties described 
above. 

Polyaniline Base in NMP/PIasticizer 

a. Polyaniline Base was first dissolved in NMP to 5% solids and allowed to mix well. 
A poly-co-dimethyl, aminopropyl siloxanc (N content 5% relative to repeat unit) was 
dissolved to 5% in NMP. The siloxanc solution was added to the polyaniline base 
solution. The resulting admixture was allowed to. mix for 12 hours at room temperature. 
A number of solutions were made having from .001 % to 50% siloxanc content (by 
weight relative to polyaniline). Thin films were spin-coated onto quartz substrates; 
Thick films-were prepared by solution casting- and baking the solutions at 70 °C in a 
vacuum oven under a Nitrogen purge for 15 hours). The solutions and the films have 
the properties described above. 

b. -The- same experiment described in(a)was carried out except that the plasticfzcr-was 
a paly-co-dimethyT,^aminopropyl siloxanc in which the N content was 13%. 

c. ; The same experiment described in (a) was carried out except that the platsticizcr was 
a pply<p-dinietKyl r aminopropyl siloxanc in which the N content was .5%. - : - 
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d. The same experiment described in (a) was carried out except that the plasticizer was 
polyglycol diacid. 

e. The same experiment described in (a) was carried out except that\he plasticizer was 
3,6,9-trioxaundecanedioic acid. 



f. The same experiment described in (a) was carried out except that the plasticizer was 
poly(ethylene glycol) tetrahydro furfuryl ether. 

g. The same experiment described in (a) was carried out except that the plasticizer was 
glycerol triacetate. 

h. The same experiment described on (a) was carried out except the plasticizer was 
e pox id i zed soy bean oil. 

Polyaniline Base in NMP/m-Cresol/ Plasticizer 

The same experiment as described in (a) was carried out except that "polyaniline base 
and the plasticizer was dissolved in NMP/m-Crcsol mixtures in which m-Crcsol ranged 
from. 1 to 99;% - . . . 

PoFyaniline Base in ni-CicsoI/Plasticizci 

Thesame experiment as- described in (a) was carried x")ut except that the "polyaniline 
base was dissolved in m : Cresol and the plasticizer was dissolved in m-Crcsol: 



Polyaniline Base in rii-Cresdl arid in NMP/m-Cresol 
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Polyaniline Base was dissolved in m-Cresol and in NMP/m-Cresol combinations to 5% 
solids. The m-Cresol in the latter system being the additive ranged from 1 to 99%. 
Free-Standing films were made b}' solution casting techniques. With increasing m-cresol 
content, the polyaniline exhibited a WAXS similar to that shown in Figure 5a except 
that the amorphous scattering peak became somewhat sharper indicative of some 
crystallinity. However, this was significantly less than observed with the siloxane 
plasticizer. 

Doped Polyanilines 

I. Hydrochloric Acid and/or Methanesulfonic Acid Doped Films 
Polyaniline base films made as described above were doped by aqueous acid solutions 
of hydrochloric or methanesulfonic acid. The films were immersed in the acid solution 
for 12 hours for thin films and 36 hours for the thick films. The conductivity of a 
polyaniline base film processed from NMP and doped with these acid solutions is 1 
-S/cm; The conductivity of a base film processed from NMP and 1 % poty-co- dimethyl, 
aminopropyl siloxane (5%N content) was 50 S/cm. 

^.Sulfonic Acid Doped Polyanflincs - 

Polyaniline Base was dissolved, in a solvent such as NMP or NMP/-m-Crcsol 
combinations, etc. from I to 5% solids. To this solution was added a dopant sucli'as 
camphorsuifonic acid or acrylamidopropanesulfonic acid (previously reported in U.S. 
Patent Application Serial No. 595,853/filcd on February 2 y 1996): These solutions were 
used to spin-coat or solution cast films. In some experiments, the plasticizer such as the 
poly-co-dimethyl,aminopropyl siloxane in a solvent was added to .the doped polyaniline 
solution. In certain other experiments, the plasticizer wasfirst added to the pani base 
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solution. The dopant was then added to the polyaniline solution containing the 
plasticizer. 

The teaching of the following U.S. Patent Applications are incorporated herein by 
reference: 

"CROSS-LINKED ELECTRICALLY CONDUCTIVE POLYMERS, 
PRECURSORS THEREOF AND APPLICATIONS THEREOF", Application Serial 
No. 595,853, filed February 2, 1996; 

"METHODS OF FABRICATION OF CROSS-LINKED ELECTRICALLY 
CONDUCTIVE POLYMERS AND PRECURSORS THEREOF", Application Serial 
No. 594,680, filed February 2, 1996; 

"DEAGGREGATED ELECTRICALLY CONDUCTIVE POLYMERS AND 
PRECURSORS THEREOFVApplicalion Serial No. 370,127, filed January 9, 1995; 
and 

- "METHODS OF FABRICATION OD DEAGGREGATED ELECTRICALLY 
CONDUCTIVE POLYMERS AND PR ECU RSORS TH ER EO F", Application Serial 
No, 370,128, filed: January 9= 1995. " • - - ' - 

- While the present invention has been shown and described with rcspcel to a preferred 
embodiment, it will be understood that numerous changes, modifications, and 
improvements will occur to those skilled in the art without departing from the spirit and 
scope of the invention. > ~ 
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PLASTICIZERS 



ao:pic ACIO DERIVATIVES^ 
Oicapryl adipale 
Oi-(2-ethylhexyXadipate 
Di(n-heptyl. n-nonyl) adipate 
Diisobulyl adipate 
Oiisodecyl adipate 
Oinomyl adipate 
Di-(tridecyl) adipate 

<VZELAIC ACIO DERIVATIVES 

Di-(2-ethylheyl azelate) 
Oiisodecyl azelate 
Oiisoclyl azelate 
Oimethyl azelate 
Oi^-hexyl azelate 

iENZ<)ip ACIO DERIVATIVES 

Diet'hylene glycol dibenzoate 
Di^Fppylene glycol dibenzoate 
Polyethylene glycol 200 diberuc 

;ITRI<| ACID DERIVATIVES 

Adelyl tri-n-bulyl citrate 
Acetyl tnethyl citrate 
TrifiQ- butyl citrate 
Triethyl citrate 

IMER; ACID DERIVATIVES 

Ui^:j[2 hydruxyelliyl Wiinoialc) 

poxyMerivatives 

Epoxidizcd linseed oil 
Epoxidized soyabean oil. 
2-Ethyihexyl epoxytallate_ 
n-Oclyl expoxystereate 

JMARIC ACIO DERIVATIVES . ' 
-Oibutyl Jwmarate 

VLCEROL OERIVATJVES 

Glycerol triacetate 

OBUTYRATE DERIVATIVE 

2.2.4-Tnfncthyl-1.3-pentancdfOl. \ 
Diisobntyraic 



ISOPHTHALIC ACIO DERIVATIVES 

Di-(2-eihylhexyl) isophthatate 
Oimethyl isophthalate 
Oiphenyl isophthalate 

LAURIC ACIO DERIVATIVES 
Methyl laurate 

LINOLEIC ACID DERIVATIVE 
Methyl Imolealo. 7b% 

MALEIC ACIO DERIVATIVES 

Oi-(2-cthylhcxylj indicate 
Oi-n-butyl maleate 

MELHTATES 

Trica|)ryl trimellitaic 
Tn-(2-ethylhexyl) tnmellilale 
- Trusodecyl tnmeHitate 
ln-(n-<K:lyl.n-<JeCyl| If imclhtaic 

MYRISTIC ACIO DERIVATIVES 
ISO|)rtJpyl-(iiyust«lti;:; 

OLEIC ACIO DERIVATIVES * - : 

liutyl oleale " * " ; 

Gtyix*f uCuiui iijuIc.'iIl'' 
.(jlycciul IikjUmIi: 
Mi;lliyl oUmW; '-- _ 
n I'mpyl uUratc 
tctr.ihy<lmfii(liii yl •/UmI<: 

PALMITIC ACID DERIVATIVES 

ISOpropyl palmildtc ' 
. Methyl paiimtate 

PARAFFIN DERIVATIVES 

Ohlompai.illui. A iVo CM 
C.htuiwp.-ii.ilfiii. M^Cl 
OiUj'i-c >p«u t iffiit. <i() M " < , I - _ 

Clilwmpai aflui: 70" * C l 

PHOSPHORIC ACID DERIVATIVES 

2-Elliylhexyl diphcityl phosph.Ml- 
Isodecyl dipheeiyl phosphate 
l-Uutylpheuyl diphcnyl phosplwile 
lii-buloxyelhyl phosphate 
trttxilyl phosphate 
lncfcsyl phosphate 
I t (phenyl phosphate 



PHTHALIC ACIO DERIVATIVES 

Butyl benzyl phthalate 
Butyl oc(yl phthalate 
Oicapryl phthalate 
Oicyclohexyl phthalale 
Oi-(2-e(hylhexyl) phthatate 
Oiethyl phthalale 
Oihexyl phthalate 
Oitsobulyl phthalale 
Oiisodecyl phthalale 
Oiisononyl phthalate 
Oiisooctyl phthalate 
Dimethyl phthalate 
Ditridecyl phthalate 
Oiundecyl phthalate 

RICINOLEIC ACIO DERIVATIVES 
Butyl ricinoleate 
Glyceryl Iri(acetyl) ricinoleate) 
Methyl acetyl ricinoleate 
Methyl ricinoleate 
n-8utyl acetyl ricinoleate 
Propylene glycol ricinoleate 

SEBACIC ACIO DERIVATIVES 
Oibutyl sebacate 
Oi-(2-ethylhcxyl) sebacate 
Dimethyl sebacate 

STEARIC ACIO DERIVATIVES 

Ethylene glycol monostearate 
-Glycerol monostearate 
- IsopiopyNsostearale . 
Methyl stearate 
n : Biityt stearate . 
Propylene glycol monostearate 

SUCCINIC ACID DERIVATIVES / 
Diethyl succinate 

SULFONIC ACIO DERIVATIVES 

N- Ethyl o.p-loluenesulfonamide 
o.p-toluencsulfonanamide 



Polyesters 

adipic acid polyester 

Paraplex G-40 
adipic acid polyester 

Santicizer334F 
azelaic acid polyester 

Plastolein 9720) 
azelaic add polyester 

Plastolein 9750 
sebacic acid polyester 
Paraplex G-25 



Stjfcros e d eriua t Ives 
y sucrose ace tate-isobuty rate (SAIBl 



Tart a ric a cid d eriivi t iuc 
di butyl tartrate 
_ Terephthatic acid deru*a(iue 

- bis(2-ethvlhexyi) tercphthaiate 

(DOTP) 
Trimellittc acid d eriua tires 
lris(2-elhvlhexvl) trimellitate 

(TO TM) " 
ht-plyl luinyl trimclliuic 
hcplyl nonyl undccyl trimcllilatc" 
Iriisodccvl trimcllitalc 



(*tyntt drrifatirc.% 

dirlhylrnr K | V o.l dipr!nr^.„nlr 
("rlliylrnr glycol dr? 

rtliyllmf yrnlr 
_P<»ly(rlhylrnr glycol) (2(H)) di 2 
XhylficxnnVtnfr 
Cilycotatc* 

n l rM,yIpl.lhnM r( |, v | K , vr<l|n(r 
"■ | «'^l|.hfhnlyJJ, ll | y ^| yr „, n!r . 
ffydrocarhnn* . - 

bydnigrnnfrd.frrplirnvN HH«) 
MyWkyl ri«phtri«W)5 Pannflrx 
«lipU(ic«rom«(io Lcromoll 
cblori nrt(rf | pnrflffin (U? w( % n, 
(Vrrclor ,S-. r i2 





Terpenes and Derivatives 
Camphor 

Hydrogenated methyl ester or rosin 
Phosphonic Acid Derivatives 
Chlorinated Polyphosphanate 
Siloxanes 

Polydimethyl siloxane 

Polyco-dimethyl/propylamine siloxanes with various amount of 

propylamine content 
Polydipheny 1 s i loxanes 
Polyco- dime thy lphenyl siloxanes 
Silanol terminated polysiloxanes 
Amino terminated polysiloxanes 
Epoxy terminated polysiloxanes 
Carbirol terminated polysiloxanes 
Polysilanes 



Glycols 

Polyethylene glycol 

Poly (ethylene glycol) tetrahydrofurf uryl ether 

Poly (ethylene glycol) bis (carboxymethyl) ether 

3.6.9-- trioxadecanoic acid . 
3 .6 . 9 - trioxauhdecanedioic .acid 
Polyglycol diacid 




